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ABSTRACT 
Thirty lactating Holstein cows were randomly assigned 
to one of three diets to evaluate chickpeas as a 
dietary supple~ent from· wk 4 to 16 postpartum. Diets 
contained chickpeas at 0, 50, and 100 % of the 
concentrate dry matter in place of corn and soybean 
meal. Total mixed diets,fed individually, contained 
concentrate corn silage and alfalfa hay at 52, 32, and 
16 % of the dry matter. Milk yield (34.5, 35.1, 35.7 
kg/d) was higher for cows fed 100 % chickpeas than O % 
chickpeas. Fat (3.06, 3.09, 3.28 %) was highest for 
cows fed 100 % chickpeas. Milk medium (C 12-c16 ) chain 
fatty acids ( 53.8, 48.6, 45.5 g/lOOg fat) and long 
chain (C 18 ) fatty acids (29.4, 35.0, 38.8 g/lOOg fat) 
and milk protein (3.20, 3.09, 2.96 %) differed for all 
three diets. Ruminal acetate:propionate ratio {2.03, 
1.98, 2.39) was highest for cows fed 100 % chickpeas. 
Total serum essential amino acid concentration (105.3, 
95.9, 89.4 umoles/dl) was higher for cows fed O % 
chickpeas than 100 % chickpeas. Lactational responses 
are discussed with respect to increased intake of fat, 
increased dietary protein degradablility, and decreased 
plasma essential amino acids. 
1 
INTRODUCTION 
Chickpeas (Cicer arietinum L.), also known as 
garbanzo beans, have in recent years been successfully 
cultivated as a · human food source in the western United 
States (12, 130, 208J. The chickpea plant has the 
ability to grow and produce good seed yields in 
semi-arid climates and on below average quality soils 
(12, 130, 208). 
The chickpea plant is an annual legume that is 
cultivated throughout Africa, Asia, The Far and Middle 
East, Central and South America, and Mexico. India 
accounts for about 90% of world production (68, 130, 
208). In the United States, California is the primary 
area of chickpea cultivation and supplies 25% of the 
nation's 17,000 metric ton consumption (130). 
Of all the varieties of chickpeas cultivated 
throughout the world the large seeded varieties are 
marketed for human consumption in the United States 
(208). In order for these seeds to be acceptable for 
sale as human food in the United States they have to be 
a certain size, color, free from extraneous matter, and 
undamaged (130). The large seeded varieties have 
between 119 to 136 seeds per 100 g, are golden or off 
white in color, and are most acceptable to the consumer 
(130). 
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Because of the inevitable possibility that some 
of the chickpeas will not meet the standards set by the 
co~sumer the need arises for the development of 
alternate uses for chickpeas. The value of chickpeas as 
· a feed supplement has been studied with swine and 
growing heifers (94, 162, 211). However, no information 
is available on the nutritional value of chickpeas to 
lactating dairy cattle. The objective of this study is 
to evaluate chickpeas as a protein and energy 
supplement for high producing dairy cows during early 
lactation. 
LITERATURE REVIEW 
Nutritional attributes of chickpeas 
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. . Chickpeas are a rich source of . energy as 
determined with pigs, having a gross energy of 4.3 
Meal/kg, a digestible energy of 3.73 Meal/kg, and a 
metabolizable energy of 3.57 Meal/kg (211). Chickpeas 
have a fat content ranging from 4.9 to 8.7%, a nitrogen 
free extract of 50 to 58%, and a crude fiber content 
ranging from 3 to 11% (175). The major fatty acids in 
chickpeas are linoleate at 43, oleate at 22, and 
palmitate at 9% of the total fatty acids (178). The 
protein content of chickpeas range from 17 to 29% (211, 
175, 100). Based on amino acid composition, threonine, 
valine, methionine, and cysteine are most limiting in 
chickpeas (100). In vitro protein digestibility of 
chickpeas as measured with a mixture of trypsin, 
chymotrypsin, and peptidase ranges from 73 to 80% 
(175). The true dry matter digestibility and biological 
value of chickpeas as determined with rats is 85 to 89% 
and 55 to 60%, respectively (100). In vitro rumen 
protein degradability as measured with a ficin 
protease in concentrates containing 75% chickpeas and 
25% corn was 62% compared with 52% for concentrates 
containing 85% corn and 15% soybean meal (94). 
Chickpeas have been found to have 10 to 14 units/mg 
trypsin inhibitor activity compared to 2.7 and 24 
u n i t s /mg f o r so y be a n me a 1 and raw soy b e a.n s , 
respecti·vely (131, 211). Because ·of the presence of 
trypsin inhibitors, chickpeas have been linked with 
reduced ~rowth in rats when compared to soybean meal 
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·( 211 ) . However , chic~ peas have been fed in swine diets 
replacing 88.8% · of a ~Orn/soybean meal mixture with no 
adverse affects on performance (163). In addition, Illg 
et al. (94) observed increased average daily gain when 
Holstein heifers were fed chickpeas at 25 and 50% of 
the concentrate and increased feed conversion 
efficiency with chickpeas at 25, 50, and 75% of the 
concentrate. 
Rumen nitrogen metabolism. 
Dietary nitrogen presented to the cow is 
comprised of soluble and insoluble true protein and 
nonprotein nitrogen (15, 117). The nonprotein nitrogen 
fraction of dietary protein is rapidly dissolved in the 
rumen, converted to ammonia, and finally incorporated 
into microbial amino acids and protein (117, 206). 
Dietary true protein passes out of the rumen 
undegraded, or undergoes hydrolysis with portions of 
resulting peptides and free amino acids passing from 
the rumen, or being directly incorporated into 
microbial cells or further catabolized to ammonia and 
volatile fatty acids (15, 117). Tamminga (206) has 
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described the ruminal degradation of dietary protein as 
a two step process c?nsisting of initial hydrolysis of 
the . peptide bond, and deamination and degradation of 
resulting free amino acids. In rumen bacteria, peptide 
'bond hydrolysis take~ place on the outer surface of the 
cell wall and the resulting peptides and free amino 
acids are transported into the cell (137). Rumen 
protozoa are capable of engulfing small feed particles 
with proteolysis of dietary protein taking place inside 
the protozoal cell (50). The actual mechanism of 
ruminal proteolysis has recently been described as 
similar to that of trypsin preferentially attacking 
lysine and arginine residues (137). Evidence supporting 
the preferential activity of ruminal proteases is found 
in disproportionately large releases of arginine and 
lysine from casein when incubated with rumen fluid 
(51). Once in the free amino acid pool, utilization of 
amino acids is quite rapid with theoretical maximum 
degradation rates ranging from .88 mmoles/hr for 
arginine to .09 mmoles/hr for Qethionine, and estimated 
half lives ranging from 1 to 2 hours. (38). 
Ammonia resulting from deamination of free 
amino acids will pass out of the rumen, be incorporated 
into microbial protein, or be absorbed through the 
rumen wall with some of the absorbed ammonia recycling 
back to the rumen as urea (117). Consequently at any 
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one time there are several different nitrogen pools in 
the rumen whose size and flux are all regulated by 
dietary source and quantity of nitrogen, microbial 
growth rate, and rumen dilution rate (15, 206). The 
final result is the ~resentation of a protein supply to 
the small intestine consisting of microbial, dietary, 
and endogenous fractions. 
In typical feeding situations microbial protein 
can account for 60 to 85% of the total amino acid 
nitrogen entering the small intestine (195). The true 
digestibility of microbial protein ranges from 73 to 
85% and the average amino acid composition of microbial 
protein is favorable for milk protein synthesis and not 
influenced by dietary changes (21, 137, 184) The rumen 
is a system that can take poor quality protein or 
inorganic nitrogen and transform it into high quality 
protein. However, even when nutrients are in abundance 
in the rumen, microbial protein output from the rumen 
is insufficient to supply the cow's need for maximum 
milk production (37, 195). Maximized rumen outflow of 
microbial crude protein can only occur when proper 
quantities and balance of nitrogen and energy are 
available (196). 
Determining optimum nitrogen concentration 
within a particular plane of energy availability 
requires consideration of ammonia and amino acid 
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concentrations. The percentage of microbial protein 
derived from ammonia ranges from 40 to 100% with the 
balqnce derived from free amino acids and peptides 
(196). Mieng et al. (121) obtained optimum rumen 
microbial protein synthesis when the nitrogen source 
used as a substrate i~ vitro contained 75% urea and 25% 
amino acids. However, an absolute amino acid 
requirement has not been estimated. Ruminal ammonia 
requirement for maximum microbial protein synthesis 
ranges from 5 to 9 mg/dl (117). This concentration of 
rumen ammonia most typically reflects diets containing 
12 to 14% crude protein, but can also vary with protein 
degradability (35, 181, 217). Above this range, rumen 
ammonia could be expected to accumulate in the rumen 
fluid and, in spite of recycling, result in a loss of 
potentially available amino acids to the cow (117, 
181). Carbohydrate supply is also important for maximal 
microbial protein synthesis with nonstructural 
carbohydrates such as starch having a highly 
stimulatory affect on microbial protein synthesis 
(197). Other factors that have an affect on microbial 
protein synthesis are ruminal dilution rate and sulfur 
availability (196). 
Another important fraction of the protein 
flowing out of the rumen, referred to as rumen 
undegradable protein, is the result of dietary protein 
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that either evades microbial attack by passing through 
the rumeh ·without co~plete mixing ~ith rumen digesta or 
is resistant to microbial attack (137). 
Quantifying rumen undeg~adable nitrogen. 
Numerous met~ods have been employed to quantify 
rumen undegradable dietary protein in a given feedstuff 
(195). The standard method of measuring ruminal 
protein degradation has often been by actual 
measurement of bacterial crude protein flow to the 
small intestine of surgically prepared ani~als (196, 
206). Using various chemical markers, the duodenal 
microbial non ammonia nitrogen fraction is measured and 
subtacted from the total duodenal non ammonia nitrogen, 
giving an estimate of rumen undegradable dietary 
protein (49, 206). Accuracy of this procedure also 
depends on accurate quantification of endogenous 
protein (196). This procedure has the disadvantage of 
expense and lack of precision (196, 206). In the 
interest of saving time and money, numerous in vitro 
procedures have been developed for estimating rumen 
undegradable dietary protein (195). Using in vitro 
ammonia production from feeds incubated with rumen 
digesta is a method that is commonly used in Europe 
(137). This method has the advantage of simplicity, 
but since ammonia concentration is a function of 
microbial utilization as well as protein degradation, 
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degradability estimates can be influenced by type and 
quantity · of carbohydrates that are · fer.mented (195). 
Errors resulting from type and quantity of carbohydrate 
present have been corrected for by using CO 2 production 
as an index of ammonia utilization with some success 
(165). Another · method employed has been to incubate 
diazo derivatives of certain proteins with rumen 
bacteria and measure increases in absorbance at 440 nm 
(122). This procedure has the disadvantage that 
modifications of certain residues in the protein could 
change its structure and susceptibility to proteolysis 
(195). 
Solubility of feed nitrogen in various solvents 
is another popular laboratory analysis that is used to 
estimate rumen protein degradation (52, 56, 109, 216). 
Using solubility measurements on feed protein is 
popular because they are convenient and have been shown 
to correlate with nitrogen disappearance (52), in vivo 
protein escape measurements (164), and in vitro ammonia 
concentration (56). However, the correlations in 
different experiments are not consistant (56, 195, 196) 
a n d solubility of a protein in various buffers does not 
guarantee complete ruminal degradation (123). Factors 
known to affect the solubility of feed proteins in 
various solvents are incubation time (52, 56, 216), 
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buffer pH (216), and quantity of _nitrogen in the sample 
(216). 
Incubation of feedstuffs in nylon or dacron 
bags in the rumen is a technique that also shows 
promise, primarily because it involves the digestive 
processes that occur iri the living animal (195). The 
use of mathematical equations describing rate of 
nitrogen disappearance and rumen solids retention time 
has been proposed as a method for estimating ruminal 
degradation (143). However, correlations of in vivo 
measurements with the in situ technique (199) are not 
as high as with the in vitro enzymatic techniques 
(164). In addition, results from the in situ technique 
vary with bag introduction order, feed particle size, 
sample weight to bag surface area ratio, and bag pore 
size (140). 
Incubation of protein feedstuffs with various 
proteases appears to show the most promise as a 
technique for estimating ruminal protein degradation 
because of the method's speed, convenience, and high 
correlation to ruminal protein escape (164, 195). 
Poos-Floyd et al. (164) observed correlation 
coeficients of at least .90 between proteolysis of feed 
protein incubated in a protease isolated from ficus 
glabrata for 1 to 4 hours and ruminal protein escape. 
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Factors involved in rumen proteolysis. 
Variations in rumen protein degradation can be 
part.it ion e d into those due to rumen function and those 
due to pr~tein characteristics (137). Rumen associated 
factors are pH, microbial activity, and ruminal 
dilution rate (137, 206). Factors associated with the 
protein are solubility and structure characteristics 
(123). 
Rumen proteolysis and intestinal amino acids . 
. Another important factor in relating ruminal 
proteolysis to the lactational performance of cows is 
the extent to which individual amino acids in a protein 
are degraded and the impact of this on amino acid 
supply to the duodenum. Several (159, 179, 180, 198) 
workers have demonstrated differences between amino 
acid composition of the diet and non ammonia nitrogen 
flowing from the rumen. Recent work comparing the amino 
acid composition of several protein supplements with 
their respective residues after 16 hours of ruminal 
exposure found lysine content to be reduced 8% for 
cottonseed meal and 32% for distillers dried grains 
(30). Crooker et al. (55) observed differences between 
the amino acid composition of soybean meal, heat 
treated soybean meal, and formaldehyde treated soybean 
meal after 12 hours of ruminal exposure, with the amino 
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acid composition of the formaldehyde treated meal least 
affected ·by ruminal exposure. Santos et al. (179), in 
comparing feeds of different resistance to ruminal 
proteolysis, observed increased duodenal supply of all 
essential amino acids except lysine and methionine when 
corn gluten meal · was compared with soybean meal. Pena 
et al. (159) increased duodenal supply of arginine, 
threonine, valine, leucine, and phenylalanine when 
cottonseed was roasted or extruded. Soybeans roasted at 
149°C resulted in increased duodenal flow of all 
essential amino acids except methionine when compared 
to raw soybeans (198). Methionine flow was increased in 
cows fed either soybean meal or soybeans extruded at 
139°C when compared to either raw soybeans or soybeans 
extruded at 149° C (198). In general it appears 
duodenal lysine and methionine flow are not as easily 
increased as other essential amino acids and amino acid 
supply to the duodenum is hard to predict based on 
protein degradability measurements (159, 198). 
Intestinal contribution to plasma amino acids. 
The plasma free amino acid pool accounts for 
only a very small portion of the total body amino 
acids, but it appears to be a good indicator of amino 
acid balance because it reflects the sum of all factors 
influencing body amino acid flux, including protein 
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degradation, tissue uptake and efflux, iQflux from the 
small intestine, and amino acid cataboiism (20) 
Und~f normal management conditions the diurnal 
variation of plasma amino acid concentration in 
ruminants is low relative to monogastrics because of 
the stabilizing affect~ of ruminal fermentation on 
ruminal efflux of amino acids (19). However, a positive 
relationship between quantity of essential amino acids 
flowing into the small intestine and plasma essential 
amino acid concentrations has been demonstrated in 
lactating cows and growing sheep (33, 63, 73, 168, 184, 
190, 210, 213). Vik-Mo et al. (210) demonstrated 
increased plasma lysine, valine, leucine, and 
methionine with abomasal infusion of as little as 350 
g/day of casein enriched with 3% methionine. however 
when casein dosage was increased to 700 and 1400 g/day 
plasma lysine declined, plasma valine and leucine 
increased in a linear fashion, and plasma methionine 
increased from 3 to 17.7 molar percent on the 1400 
g/day infusion (210). When Whitelaw et al. (213) fed a 
basal diet containing about 13 % crude protein largely 
in the form of nonprotein nitrogen and infused 200, 
400, or 600 g/day of casein abomasally, a linear 
increase in plasma essential amino acids, methionine, 
lysine, and branched chain amino acids was observed. 
Broderick et al. (33), infusing 800 g/day of casein 
442179 
u T ~1 An 
14 
abomasally to cows consuming a 16% crude -protein diet 
observed ·increases in plasma total ·essential amino 
acids, phenylalanine, and branched chain amino acids. 
Spires et al.(l~O) observed increased plasma histidine, 
~henylalanine, and brijnched chain amino acids when 400 
g/day of casein ~as infused as compared against an 
isonitrogenous, isocaloric mixture of glucose, urea, 
and sodium glutamate. Derrig et al. (63) exhibited the-
effects of rumen fermentation on plasma amino acid 
concentration by infusing 400 g/day of casein 
abomasally or ruminally. The same quantity of the same 
protein when completely protected from ruminal 
fermentation resulted in increased plasma lysine, 
phenylalanine, and branched chain amino acids (63). 
Rogers et al.(174) looked at quality of protein 
reaching the small intestine by comparing abomasal 
infusions of casein, soybean meal, or cottonseed meal 
in isonitrogenous amounts with dietary protein 
administered per os and observed no significant 
differences in plasma amino acids. Similar trends have 
been observed between intestinal amino acid supply and 
plasma concentrations in sheep (72, 168, 212). 
Increases in plasma amino acids with increased duodenal 
supply has often been interpreted as resulting from an 
excess of those amino acids relative to other essential 
n~trients (34, 73, 184). However an increase in plasma 
amino acid concentrations also indicates increased 
supply of those amino acids for synthetic processes. 
Mammary g~and utilization of amino acids. 
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Utilization of a~ino acids for milk protein 
synthesis is governed ·by cellular uptake and the 
intracellular fate of extracted amino acids. The 
cellular uptake of amino acids is a function of 
arterial concentration, mammary blood flow rate, and 
the collective activities of the amino acid transport 
systems (18, 58, 128). In studying mammary gland amino 
acid uptake, the technique commonly used is to sample 
the blood on both sides of the mammary gland capillary 
bed and estimate uptake of substrate by concentration 
differences (78). With most organs this would be an 
empirical measurement without the use of isotopically 
labeled substrate. But because a large percentage of 
the proteins synthesized by the lactating mammary gland 
are exported the error resulting from amino acid 
turnover has not been quantified and is assumed to be 
small (128). Based on results of arterio-venous 
difference studies and the need for convenience, the 
amino acids have been subdivided into group I and group 
II essential amino acids (128). Group I includes 
methionine, phenylalanine, tyrosine, tryptophan, and 
histidine and are extracted from the plasma in 
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quantities similar to their output in milk protein 
(128). Group II includes valine, leucine, isoleucine, 
lysine, and arginine and are usually taken up in excess 
of their output in milk protein (128). Extraction rate 
of essential amino acids is diurnally stable whereas 
uptake of nonessential amino acids varies considerably 
(58, 128). In addition, the essential amino acids are 
not completely extracted from the plasma, but are 
extracted at a rate proportional to their arterial 
concentration (58, 176). Also, amino acid composition 
of the plasma may affect extraction rate of certain 
amino acids through competitive inhibition of membrane 
transport proteins, possibly resulting in an 
intracellular imbalance (18). 
At present there is evidence for several types 
of amino acid transport systems in bovine mammary 
tissue. A review by Baumrucker (18) presents evidence 
for five transport systems, several of which exhibit 
concentrative uptake and function by a variety of 
mechanisms including exchange, sodium gradient, and use 
of a peptide hydrolysing enzyme GTPase. These systems 
are known as L, ASC, A, cationic, and glutamyl 
transpeptidase (18). While each exhibits a degree of 
specificity, there is some cross reactivity among the 
systems (18). Regulation of the amino acid transport 
systems in bovine mammary tissue is not fully 
understood. However some evidence supports both 
hormonal ~nd adaptive regulation (104, 112, 157) 
17 
There are several possible fates for an amino 
acid transported into the cell. One possibility is 
transport back out of the cell via the L system (18). 
Another possibility is conversion of an amino acid to 
some other metabolite. Evidence supports the occurrence 
of the typical amino acid metabolism in the mammary 
gland with the possible exception of a complete urea 
cycle (46, 128). Branched . chain amino acids donate 
carbon to other metabolites primarily via the citric 
acid cycle (215). Arginine is initially metabolized to 
ornithine and ultimately to praline, glutamate (46), 
and to the polyamines, spermine and spermidine (128, 
129). Ornithine will also donate an amine group to 
several keto acids forming primarily glutamate, 
alanine, and serine (173), and phenylalanine is often 
metabolized to tyrosine (99). Another possible 
intracellular fate of amino acids in mammary tissue is 
oxidation. Evidence supports oxidation of the branched 
chain amino acids (213) and lysine (128). The final and 
quantitatively most important fate of amino acids in 
the mammary gland is incorporation into cellular or 
export proteins (18). 
The existence of more than one intracellular 
fate for the amino acids makes the job of determining 
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their requirement for milk protein synthesis laborious. 
Mepham et _al. (128, 129) has stated . that increasing 
arterial amino acid supply would ideally require the 
definition- of the order in which supply of different 
a~ino acids is rate limiting, but with 20 amino acids 
involved the possible permutaticins approach infinity. 
The groupings I, II, and nonessential amino acids tends 
to simplify the job. In general it appears that group I 
amino acids would be the most critical to milk protein 
synthesis because of their quantitative requirement as 
structural units, however a deficiency in any amino 
acid could conceivably limit milk protein synthesis 
(128). 
Critical amino acids for milk protein synthesis. 
Several studies have looked at essential amino 
acid concentration in relation to milk protein 
synthesis (34, 47, 48, 63, 101, 114, 142, 182, 190, 
209). At the tissue level, Schingoethe et al. (182) 
observed a reduction in milk protein synthesis by 
bovine mammary tissue in the absence of any of the 
essential amino acids or cystine with the largest 
decrease due to removal of lysine, leucine, or 
threonine. Increases in p-casein and p~lactoglobulin 
synthesis by 2.3 and 1.2 fold, respectively, were also 
noted when total amino acid concentrations were 
increased up to 10 fold over the basal media (182). 
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Larson (114) observed up to a 2 fold increase in 
protein synthesis by cultured bovine mammary tissue 
with up to a 6.6 fold increase in L- methionine 
concentration. Clark et al. (48) found that cysteine, 
t~reonine, and methionine were most critical for 
protein synthesis . by bovine mammary cells cultured on 
minimum essential medium. Pocius and Baumrucker (160) 
observed a high correlation between amino acid uptake 
over a ten minute peri6d by bovine mammary tissue 
slices and calculated daily amino acid uptake in vivo. 
The in vivo determination of critical amino 
acids for milk protein synthesis has been approached 
from several different ways (34, 63, 190, 210). Use of 
plasma amino acid concentrations to identify the amino 
acid critical to milk protein synthesis was employed by 
Broderick et al. (34). This procedure is based on the 
idea that the plasma concentration of an amino acid 
will be low until dietary supply exceeds cellular 
demand, at which time plasma concentration of that 
amino acid increases dramatically (2, 200). Derrig et 
al. (63) attempted to identify amino acids limiting 
milk protein synthesis by calculating 1) theoretical 
milk protein yield for each amino acid under the 
assumption of 100% extraction and limited oxidation, 2) 
the ratio of plasma amino acid concentration to amount 
supplied to the small intestine, and 3) the ratio of 
20 
uptake of an amino acid from plasma to output in milk. 
Spires et _al. (190) used comparisons of plasma amino 
acid distribution to milk amino acid distribution, 
calculating uptake to output ratios relative to the 
a~erage ratio of phenylalanine and tyrosine, and Vik-Mo 
et al. (209) made_ use of the efficiency of transfer of 
an amino acid from plasma to milk protein as an 
estimate of amino acid importance. 
While all the methods provide an estimate of 
amino acid utilization or importance, each is based on 
several assumptions that may not be true for all 
conditions. All of the procedures mentioned ignore the 
possible contributions of erythrocytes (58, 89, 127) 
and peptides (129, 163) to the blood free amino acid 
pool. Heitman and Bergman (89) concluded that use of 
plasma, although more precise than whole blood, 
underestimated amino amino acid transport in the blood 
of sheep. McKormick and Web (127) found plasma, 
erythrocyte, and peptide free amino acid pools to have 
a differential contribution to the amino acids 
extracted by the hind limb of fasted and fed calves. 
Pocius et al. (161) accounted for the milk output of 
cysteine, glutamate, and glycine through observations 
on glutathione concentrations in whole blood of 
lactating cows indicating that glutathione may be an 
important transport form of these amino acids. 
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A common practice with theoretical protein 
yield, tra~sfer efficiency, and upt~ke to output ratio 
calculations is use of empirically derived blood flow 
measurements to estimate uptake (47, 63, 67, 95, 210, 
2io). Most workers estimate blood flow using a 
regression equation derived by Kronfeld et al. (110). 
This technique has been criticized as resulting in 
considerable variation between experiments (190). More 
r~cently, use of hemat6crit corrected mammary blood 
flow estimates have been used in estimating amino acid 
uptake (67, 95, 220). The use of hematocrit corrected 
mammary blood flow could conceivably increase accuracy 
as it would correct for the effect of serum dilution on 
mammary blood flow estimates. Heitman and Bergman (89) 
observed that plasma esti~ates of amino acid transport 
may be underestimated by an amount equivalent to the 
hematocrit. Finally, although the estimation of mammary 
blood flow by regression equation may not be as 
accurate as simultaneous measurements during blood 
sampling, it is probably more precise, as measuring 
mammary blood flow is a tedious and error prone 
procedure (24, 78, 89). 
Another assumption made with several of the in 
vivo amino acid uptake calculations is that proportions 
of amino acids in milk protein does not vary (63, 190, 
220). This assumption is justified as the amino acid 
distribution in milk is relatively constant even when 
individual fractions of milk protein vary (69, 75). 
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In spite of all the possible inconsistencies 
with different methods of determining the importance of 
an amino acid for milk protein synthesis, there is a 
definite pattern to the results obtained. Methionine is 
the amino acid that is most frequently identified as 
most critical to milk protein synthesis (1, 36, 67, 95, 
174, 190, 220). Phenylalanine (24, 63, 210), lysine 
(184, 186), and histidine (220) have also been 
implicated as most critical to milk synthesis. In 
addition, methionine, valine and lysine (67), 
methionine and lysine (47), and methionine, threonine, 
and lysine (101) have been identified as co-limiting 
for milk protein synthesis. Thus it would appear that 
methionine, phenylalanine, and lysine are the most 
important essential amino acids for milk protein 
synthesis. 
Plasma amino acid supply and milk orotein synthesis. 
In abomasal protein infusion studies, where 
milk protein synthesis has increased, increased plasma 
essential amino acids has also been observed (33, 63, 
190, 213). Plasma branched chain amino acids have also 
frequently been increased concurrent with increased 
milk protein synthesis resulting from abomasal protein 
infusion (33, 47, 63, 190, 213). Phenylalanine has in 
some cases. increased (33, 63, 190). _Methionine (213, 
220) ~nd lysine (47, 63, 213) have in some cases 
increased. · Usually there is a decrease in plasma 
nonessential amino acids (33, 63). 
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Broderick . et al~ (33), using formaldehyde 
treated casein, observed changes in plasma amino acid 
concentrations and milk protein - yield similar to the 
abomasal infusion studies. Shelford (186) observed 
increased plasma essential amino acids and milk protein 
yield with the abomasal infusion of lysine alone or in 
conjunction with branched chain amino acids. Abomasal 
infusion of branched chain amino acid increased the 
concentration of milk protein and plasma branched chain 
amino acids, but decreased plasma concentrations of 
other essential amino acids (186). 
Intravenous infusions of ll.2g/day of 
DL-methionine (77) resulted in increased protein yield, 
but no response with a higher infusion rate or with the 
infusion of lysine. Intravenous infusions with 
combinations of methionine and lysine or carnitine (72) 
showed no response. 
Studies using rumen protected methionine have 
shown no definite trends about the relationship between 
plasma amino acid concentration and milk protein 
synthesis (36, 95, 156, 220). Casper et al. (36) 
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observed increased branched chain amino acids in 
conjunction with increased milk protein percent and 
Illg et al. (95) observed increases in milk yield and 
percent protein with no change in plasma amino acid 
concentrations. In addition, Pappas et al. (156) 
observed a linear. increase in plasma methionine, but no 
response in milk protein synthesis. 
Postruminal amino acids and lactational performance. 
A review of experiments on postruminal protein 
infusion by Clark (44) suggests postruminal amino acid 
supply influences milk protein synthesis. In Clark's 
(44) review, abomasal casein infusions ranging from 300 
to 1400 g/day resulted in protein yield changes ranging 
from -.3 to 31% with an optimum casein infusion rate at 
300 to 500 g/day. Most recently, Whitelaw et al. (213) 
observed a linear response in milk protein yield of up 
to 40% from infusing 200, 400,or 600 g/day of casein to 
early lactation Ayrshires fed a 13% crude protein diet. 
This increase was the result of increases in both milk 
yield and protein concentration (213). Konig et al. 
(107) observed a 15% increase in milk protein yield 
with the abomasal infusion of 240 g/day of casein to 
early lactation Friesians and 0rskov et al. (142) 
observed up to a 60% increase in milk protein yield 
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with abomasal infusions of up to 750 g/day casein with 
early lact~tion Friesians in a negative energy balance. 
Increasing the intestinal flow of essential 
amino acids with abomasal infusions of mixtures of 
these amino acids has also resulted in increased milk 
protein synthesis _ (184). Schwab et al. (184) was able 
to increase milk protein yield an average of 12% with 
abomasal infusions of essential _amino acids or casein, 
observing the response to be a reflection of increased 
protein concentration. In addition, a large percentage 
of the response observed by Schwab et al.(184) was due 
to lysine and methionine infusion. That mixtures of 
some of the essential amino acids only caused a 
fraction of the response observed with the ten 
essential amino acids or casein suggests that the 
response observed by increasing intestinal essential 
amino acid supply cannot totally be contributed to the 
satisfaction of a requirement for one amino acid but 
may be due to a synergistic affect of several amino 
acids. 
The mechanism by which increased intestinal 
availability of essential amino acids causes increased 
milk protein synthesis may revolve around amino 
acid/energy interactions and their affects on nutrient 
partitioning (141). Increased energy intake as an 
explanation for the improved lactational performance 
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with abomasal casein infusions has been ruled out by 
comparison.s with isocaloric glucose .infusions (46, 190) 
The hypothesis describing the effect of plasma amino 
acid availability on milk protein synthesis by cows in 
early lactation assumed that the amount of body store 
amino acid mobilization relative to energy yielding 
metabolite mobilization was small (141). Thus the 
supply of aminogenic, lipogenic~ and glucogenic 
nutrients needed to optimize milk output would be 
imbalanced with respect to amino acids for cows in a 
negative energy balance (141). This imbalance would 
limit milk protein synthesis until the supply of 
nutrients absorbed from the gut was enriched 
sufficiently in amino acids to balance the relative 
deficit of amino acids released from the tissue (141). 
In support of this hypothesis, with casein induced 
increases in intestinal amino acid supply Clark et al. 
(47) and Konig et al. (107) observed nonsignificant 
numerical increases in glucose flux indicating 
increased gluconeogenesis or decreased glucose 
oxidation and Konig et al. (107) also observed 
numerical increases in palmitate and acetate flux 
indicating increased lypolylsis in cows infused with 
casein. 0rskov et al. (142) observed that cows in a 
negative energy balance had a greater negative energy 
balance when abomasally infused with casein. 
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Rumen undegradable protein and lactation. 
Typical strategies for using protein 
supplements resistant to ruminal degradation for 
lactating dairy cows include isonitrogenous 
substitution of the less resistant supplement, feeding 
less nitrogen in a more resistant form, or feeding 
nonprotein nitrogen with rumen undegradable protein 
(180). The isonitrogenous substitution would 
theoretically result in greater milk yield and the 
other two stategies would reduce feed cost while 
hopefully not altering performance (180). 
Replacing rumen degradable protein with an 
isonitrogenous amount of protein naturally resistant to 
rumen proteolysis in diets of high producing cows has 
increased milk protein concentration 8% with fishmeal 
(144), 4 to 5% with heat treated soybean meal (177), 
and 12 to 14% with a combination of cottonseed meal and 
corn meal (124). Milk yield has been increased 12% with 
brewers grains (162), 11% with corn gluten meal (79), 
and 3 to 4% with heat treated soybean meal (138, 177). 
In early lactation ewes, milk yield and protein 
concentration has been increased with the use of fish 
meal (82, 172). In addition, decreasing rumen 
undegradable protein intake has resulted in decreased 
milk protein concentration which is also consistent 
with expectations (84). However, use of diets 
28 
containing corn gluten meal to increase rumen 
undegradable_ nitrogen intake has also resulted in 
either no response (29, 91) or 5 to 9% decrease in milk 
yield and a 7 to 10% decrease in milk protein yield (4, 
71). Distillers dried grains has decreased milk yield 
9% and milk prot~in concentration 7% (209). Heat 
treated soybean meal has also been fed with no change 
in milk yield or protein content (1, 83, 91) or a 
decrease (32) in protein content by 5%. 
Replacement of a less resistant protein with a 
smaller amount of a more resistant protein has resulted 
in no ~hange in milk yield with barley/corn gluten meal 
diets as compared to barley/canola meal diets (135) and 
increased milk yield 5.7% with heat treated soybean 
meal (32). 
Using nonprotein nitrogen with a protein 
supplement resistant to rumen degradation has resulted 
in no response with formaldehyde treated soybean 
meal/cottonseed meal diets (120) or with heat treated 
soybean meal (32, 111). Reasons for a negative response 
or lack of a response in lactational performance to 
isonitrogenous supplementation of protein resistant to 
rumen proteolysis includes low biological value of the 
protein (54), inadequate protection of the protein 
(54), reduced intestinal nitrogen digestibility (45, 
54, 111), insufficient nitrogen for microbial growth 
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(111), sufficient rumen undegradable nitrogen in the 
control di~ts (54, 111), and factors -0ther than 
intestinal amino acid supply limiting performance (54). 
The lactational response to rumen undegradable 
pr?tein is unpredictable. Evidence for the lack of 
consistency in effect of rumen undegradable protein on 
lactational performance has been provided by several 
multiple regression studies (22, 53, 124). Intake of 
soluble and insoluble nitrogen explained 30% of the 
variation in milk yield corrected for metabolic body 
size (53). Rumen undegradable protein intake has been 
estimated to account for 21% of the variation in milk 
yield (22) and soluble nitrogen intake per unit of 
metabolic body weight has been found to account for 25% 
of the variance in milk protein yield (124). 
Dietary fat for lactating dairy cows 
Most modern dairy cows are able to produce in 
excess of 4500 kg of milk and 400 kg of milk fat in a 
normal lactation (26). This imposes a large energy 
demand on the cow that cannot be satisfied by dietary 
means and results in adipose tissue mobilization 
placing the cow in an energy deficit (26). Increasing 
energy intake by increasing dietary energy density with 
readily fermentable carbohydrates has had limited 
success because reductions in lipogenic precursor 
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availability to the mammary gland of cows on such diets 
causes decreased milk fat synthesis _(17,- 70). In 
addition, if the dietary content of readily fermentable 
carbohydrate is too high, excessive production of 
la~tate causes accelerated necrosis of the rumen 
epithelium and in some cases acute acidosis (42). 
Ruminant energy metabolism is adapted to utilization of 
lipogenic substrates resulting from fermentation (152). 
In addition, fats are more efficiently metabolized than 
the volatile fatty acids resulting from fermentation of 
carbohydrate (26). Thus it seems theoretically 
appropriate to use fats to increase energy intake in 
high producing dairy cows. 
Rumen fat metabolism 
Dietary fat consumed by the cow originates from 
forages rich in glycolipids and phospholipids 
containing primarily linolenate, linoleate, and oleate 
(133), and cereal grains rich in triglycerides 
containing primarily palmitate, stearate, oleate, and 
linolenate (85). The lipid composition of ruminal 
digesta is a combination of metabolic end products of 
microbial lipid catabolism and lipids of microbial 
origin, with the later made up of odd, even, and 
branched chain fatty acids ranging from 11 to 18 
carbons in length (85). 
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Triglycerides are rapidly hydrolyzed in the 
rumen to free fatty acids and glycerol by lipases of 
both microbial and plant origin (74, 80). Glycerol 
resulting from lypolysis in the rumen has a half life 
of .about 9 seconds and is fermented to primarily 
acetate, propionate, and carbon dioxide (219). 
Phospholipids and glycolipids are also rapidly 
hydrolyzed (60, 61). Free long chain fatty acids 
resulting from ruminal lypolysis have four possible 
fates. Passage out of the rumen is one possibility. 
Uptake of free fatty acids and incorporation into 
structural lipid has been demonstrated in rumen 
protozoa (31) and rumen bacteria (87). Free long chain 
fatty acids have also been observed to be oxidized to a 
limited extent by the rumen population (85). 
Unsaturated 18 carbon fatty acids can also undergo 
biohydrogenation converting linolenate, linoleate, and 
oleate to stearate and a variety of positional and 
geometric mono, di, and trienoic isomers (85). 
Biohydrogenation is largely due to bacterial activity 
(85). Biohydrogenation of linolenate is thought to 
occur through isomerization to cis-9 trans-11 cis-15 
octadecatrienoate (102) and then hydrogenation of the 
conjugated trans isomer to form trans-11 cis-15 dienoic 
acid (214). Linoleate proceeds through a cis-9 trans-11 
octadecadienoate intermediate and oleate through a 
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trans-9 octadecenoate intermediate prior to 
hydrogenation (102, 103). The efficacy of 
biohydrogenation to the rumen microbial population is 
not clear (85). However Barefoot (85) has suggested 
that biohydrogenation is either a method of converting 
dietary fatty acid.s to a form suitable for 
incorporation into the bacterial cell or as a 
detoxification mechanism. Henderson (90) demonstrated 
inhibited growth in bacteria associated with fiber 
digestion by stearate, palmitate, and oleate with 
oleate causing the greatest inhibition. Maczulak et al. 
(119) also noted inhibited growth of Butyrovibrio and 
Rumminococcus species when palmitate and oleate were 
added to the medium. The greatest inhibition of 
microbial growth was with oleate and this was reduced 
when cellulose powder was also added to the medium 
(119). The mechanism of the toxicity appears to be 
interference with nutrient uptake by the microbial cell 
as a consequence of adsorption of long chain fatty 
acids to the microbial cell wall (85, 119). 
Dietary fat and rumen function. 
Early studies involving the addition of maize 
oil to sheep rations showed reduced fiber digestibility 
which was ameliorated by the addition of alfalfa ash to 
the fat containing diet (204). Later it was found that 
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calcium could decrease the fiber digestibility 
depression . brought on by increased fat intake (59). 
Others have also observed reduced fiber digestibility 
with animal (64, 96) and plant (64, 66) fats, and have 
been able to reduce the depression by the addition of 
limestone (66), dicalcium phosphate (64, 96), calcium 
chloride (96), or calcium hydroxide (64). The mechanism 
by which calcium improves fiber digestibility in diets 
with added fat is through reduction of fatty acid 
adsorption to plant material and microbes by the 
formation of insoluble fatty acid soaps (96). The 
formation of fatty acid soaps has been described by 
Jenkins and Palmquist (96) as a function of ruminal 
ionized calcium availability, fatty acid chain length, 
and degree of fatty acid saturation. In connection with 
ruminal soap formation, the addition of fat to ruminant 
diets has been observed to drastically reduce rumen 
calcium availability (153) and cause hypocalcemia in 
early lactating cows (191). The affect of added fat on 
ruminal acetate:propionate ratio was observed in vitro 
by Chalupa et al. (39) and could be described as a 
function of chain length and degree of saturation. 
Degree of saturation, as expressed by melting point, 
accounted for 95% of the variation in 
acetate:propionate ratio with linolenate causing the 
lowest ratio (39). When chain length was expressed as 
melting point, 94% of the variation in 
acetate:prqpionate ratio was accounted for with 
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myristate causing the lowest ratio (39). Chain length 
and degree of saturation also explained 94 and 93%, 
re~pectively, of the variation in total volatile fatty 
acid concentration with total volatile fatty acid 
concentration decreasing as chain length and degree of 
saturation decreased (39). Fatty acids have also been 
ob~erved to produce similar changes in rumen 
fermentation in vivo (40). Ruminal ammonia has also 
been observed to decrease with the addition of linseed 
oil (93) and tallow (108) to ruminant diets. Rumen 
. 
protozoa have decreased with added linseed oil (57, 93) 
while ruminal bacterial crude protein flow to the 
duodenum has increased with tallow fatty acids (97) and 
linseed oil (93, 106). Czerkawski et al.(57) observed 
no change in bacterial protein flow but did observe a 
decrease in rumen protozoa with added linseed oil. 
Jenkins and Palmquist (97) postulated that the 
reduction in rumen protozoa with added dietary fat 
could have reduced futile recycling of microbial 
nitrogen resulting in increased microbial protein flow 
to the duodenum. 
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Intestinal absorption of fat. 
Unqer normal dietary conditions the fat 
entering the duodenum consists primarily of 
unesterifie-d saturated fatty acids adsorbed to 
particulate matter and smaller variable proportions of 
phospholipids and other complex lipids of microbial 
origin (133). Pancreatic and biliary secretions add 
pancreatic lipase, phospholipase, phospholipids, and 
bile salts to the duodenal digesta to emulsify the 
lipid and hydrolize any remaining ester linkages (133). 
The resulting products presented to the intestinal 
mucosa for absorption are unesterified free fatty 
acids, lysophosphatidate, lysophosphatidyl choline, 
cholesterol, and smaller amounts of 2-monoglycerides 
(133, 147). The majority of fat absorption occurs in 
the mid to lower jejunum (139). On absorption and 
passage through the intestinal mucosa the free fatty 
acids, glycerol, monoglycerides, lysophosphatidate, and 
lysophosphatidyl choline are reesterified and 
incorporated into chylomicra and lipoproteins (133, 
147, 187). 
Efficiency of fatty acid absorption by 
ruminants is about 80 % for diets containing 3 to 5% 
fat, but fatty acid in excess of 5 to 6% of the diet is 
absorbed with reduced efficiency (148). Bickerstaffe et 
al. (25) observed 80% absorption of fatty acids from 
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the intestine with no selectivity between cis, trans, 
or positio.nal isomers of the 18 carbon fatty acids. In 
addition desaturation of stearate to oleate has been 
found to occur in intestinal epithelium (25). 
The above suggests that there may be a close 
relationship between intestinal fatty acid supply and 
plasma triglyceride content. Moore et al. (134) were 
able to increase plasma triglyceride content and change 
the fatty acid composition of the plasma triglyceride 
by abomasally infusing linseed oil, maize oil, and 
linolenate. Hartmann et al. (86) observed increased 
triglyceride output by thoracic lymph duct representing 
41 to 45% of the 480 g oral dose of safflower oil given 
to a lactating cow. 
Plasma lipid transport. 
Lipids are transported in the plasma in protein 
bound forms of varying density and small droplets 
called chylomicrons (147). Very low density and low 
density lipoproteins have densities of less than 1.006, 
1.006 to 1.040 g/ml, and contain 57 and 12 % 
triglyceride, respectively (167). Chylomicra have a 
density of less than 1.006 g/ml and contain 80% 
triglyceride (86). High density lipoproteins have a 
density between 1.04 and 1.21 g/ml and contain high 
amounts of cholesteryl esters, cholesterol, and 
phospholiplds but very little triglyceride (167). 
Mammary gland extraction of plasma lipid. 
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Of all the· plasma lipid fractions, it is the 
very low density lipoprotein and chylomicron fraction 
that are extracted most aggressively by the mammary 
gland (132, 147). Within the low density lipoprotein 
and chylomicron fraction, it is the triglycerides that 
represent the most important contribution of plasma 
lipid to milk fat (58). Extraction of plasma 
triglyceride occurs through the hydrolytic activity of 
a lipoprotein lipase located on the endothelial cells 
of the mammary gland capillaries. Activity of this 
enzyme is stimulated by the presence of the CII 
apoprotein which is closely associated with very low 
density lipoproteins and chylomicra (133, 147). The 
products resulting from lipoprotein lipase activity are 
free fatty acids, glycerol, and monoglycerides all of 
which are transported through the capillary wall and 
into the alveolar cells (133). Uptake of plasma 
triglyceride by the mammary gland has been closely 
approximated using the Michaelis-Menton kinetics 
resulting in a V of 22 mg/dl of plasma flow and an 
max 
apparent Km of 32 mg/dl of plasma (16). Palmquist and 
Mattos (154), through postruminal infusion of [ 14 c] 
38 
linoleate, found 76% of lymph linoleate to be extracted 
by the mammary gland resulting in an . estimated 44 % of 
milk ~at mass arising from dietary fat and 6% from 
endogenous ·sources. An exponential relationship was 
derived between milk fat output and transfer of dietary 
fat to milk fat suggest~ng that for every 100 g 
increment in milk fat output, dietary fat contribution 
to milk fat increased by 8% (154). 
Mammary lipid utilization. 
Utilization of fatty acids by the lactating 
mammary gland is dependent on their availability and 
the availability of acetate and glucose (5). Under 
normal dietary conditions long chain fatty acids 
contribute to less than 1% of the mammary gland carbon 
dioxide production (5). Only .2% of stearate extracted 
by the perfused bovine mammary gland was oxidized in 
(116). However, 30 (24) to 50% (6) of the acetate 
extracted by the bovine mammary gland is oxidized. 
Oxidation of 3-hydroxybutyrate in the mammary gland 
accounts for less than 2% of mammary carbon dioxide 
production (5). In lactating goats under normal dietary 
conditions, 96.7 % of milk triglyceride output was 
accounted for by uptake of plasma triglyceride, 
acetate, 3-hydroxybutyrate, and free fatty acids (5). 
39 
The milk fat of cows contains 97 to 98% 
triglycerid~~ consisting primarily of fatty acids 
having. 4 to 18 carbons (65). The majority of milk 
triglyceride in cows milk consists of 24% oleate, 24% 
palmitate, 12% stearate, and 10% myristate (65). Milk 
fatty acids that have less than 16 carbons are the 
result of de novo synthesis from acetate and butyrate 
via the malonyl-CoA pathway (7, 65). Plasma 
3-hydroxybutyrate and acetate accounts for 50 to 60% 
and 40 to 50 % of milk butyrate, respectively (27, 
151). Palmquist et al.(151) estimated that 50 % of 
fatty acids resulting from de novo synthesis were 
primed by butyryl-CoA supplied by plasma 
3-hydroxybutyrate and that 8% of the total milk fatty 
acid carbon originated from plasma 3-hydroxybutyrate. 
Approximately 60 % of milk palmitate is synthesized de 
novo with the remainder originating from the plasma 
(27). Milk fatty acids containing 18 carbons originate 
from the plasma (7). Milk oleate is also synthesized in 
the mammary gland by a desaturase acting on stearyl-CoA 
(105). 
Plasma lipid concentration and milk fat synthesis. 
Plasma lipid is an important source of milk 
fat, accounting for as much as 75% of milk triglyceride 
output (23). Because of the close relationship between 
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plasma triglyceride concentration and milk fat 
synthesis, . attempts to influence milk fat yield and 
milk fat composition by intravenous infusion of fats 
has been successful (201, 202, 203). Starry et al. 
(203) intravenously infused triglyceride emulsions in 
dairy cows and increased the yield of milk fatty acids 
having the same chain length as those in the infused 
triglycerides. Triglycerides with fatty acids having 8 
or more carbons increased total milk fat yield in 
(203). Increased milk fat yield and secretion of 
unsaturated 18 carbon fatty acids occurred in cows 
intrav~nously infused with soybean oil, but depressed 
yield of milk, milk fat, and c14 to c18 milk fatty 
acids occurred with infusion of codliver oil (201). 
Increased plasma polyunsaturated c 20 to c 22 fatty acids 
as a result of infusing codliver oil is believed to 
inhibit mammary lipoprotein lipase (201). Tove and 
Mochrie (207) intravenously infused 900 g/day of a 
cottonseed emulsion containing 56% linoeate and 
increased milk output of oleate from 1.8% to 21.6%. 
Storry and Rook (202) intravenously infused 700 to 1000 
g/d a y of a cottonseed oil emulsion containing 63.5 % 
linoleate and linolenate and increased milk fat yield 
by 7 to 40 % and increased milk linoleate and 
linolenate yield by 200 to 600%. 
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Dietary fat and feed intake. 
While the reason for adding fat to the diet is 
to increase energy intake in high producing cows, the 
effect of added fat on feed intake is frequently such 
that energy intake may not increase as much as the 
increase in diet energy density. Steel (193) observed 
decreased feed intake when Ayrshires were fed soybean 
oil at a rate of 3 g/kg of metabolic body weight. 
Feeding the same amount of soybean oil in the form of 
crushed soybeans further reduced feed intake as did 
increasing oil intake to Sg/kg metabolic body weight 
(193). Palmquist and Conrad (149) found that cows fed 
ground raw soybeans consumed 10.4% less feed than cows 
fed a more saturated fat source at the same rate; 
however there were no differences in feed intake when 
the two fat sources were compared with a low fat 
control diet. Adding qroundnut oil or tallow decreased 
feed intake but did increase energy intake (191). 
Clapperton and Steele (43) decreased silage dry matter 
intake when tallow or soybean oil was fed. 
Dietary fat and milk yield. 
The efficacy of a minimum dietary fat content 
for lactating dairy cows was demonstrated when 
increasing fatty acid intake from 81 g/day to 539 g/day 
with tallow increased milk yield by 20 to 24% (13). 
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However the response obtained by increasin~ fat intake 
above the typical concentration of 3~5% ~ther extract 
are not as consistent. Ostergaard et al. (145) 
summarized ·several studies where dietary fat intake was 
increased in lactating cows and obtained a significant 
quadratic relationship between fat corrected milk and 
dietary fat intake with a maximum at 5.4% dietary fat. 
Response to added fat was also greater during early 
lactation (145). Bines et al. (28) also observed a 
significant quadratic response between tallow intake 
and milk energy yield with a maximum near 5.6% fat. 
Wrenn ~t al. (218) increased milk yield by 10% when 
dietary fat was raised from 2.8 to 7.9% of the diet dry 
matter with tallow. Increasing fat intake with whole 
sunflower seeds from 3.1 to 4.2% of the diet dry matter 
resulted in a 13% increase in milk yield in cows 
producing 25 kg of milk per day, but further increases 
in fat intake reduced milk yield (166). Steele et al. 
(193) increased milk yield by 13% from 19 kg/day by 
increasing intake of soybean oil from .7 to 4.63% of 
dry matter intake. A majority of studies could not 
detect differences in milk yield with added dietary fat 
(3, 11, 14, 43, 62, 67, 76, 81, 88, 92, 115, 118, 126, 
131, 149, 150, 169, 170, 183, 188) and some (118, 125, 
150, 158, 193) have observed a decreased milk yield. 
Palmquist (148) summarized a number of studies and 
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found that 3 to 4% added fat to concentrates fed to 
lactating cows has increased milk yield from 2 to 10%, 
but lack of observations was blamed for reduced 
precision and ability to detect differences. 
Dietary fat and milk fat synthesis. 
The effect of dietary fat on milk fat yield and 
milk fat composition is also variable depending on 
intake and physical form (153). Milk fat depression 
has been observed to occur if the fat source reduces 
acetate:propionate ratio (115, 118, 150, 185). Selner 
and Schultz (185) fed .45 kg of a fat high in trans 
fatty acids and observed a 62% reduction in 
acetate:propionate ratio and a 20% reduction in milk 
fat content. Some have shown no change (11) or an 
increase (67) in the acetate:propionate ratio in the 
presence of a fat depression. Increasing dietary fat by 
100 to 250% has also resulted in increased milk fat 
concentration by 10 to 27% (28, 62, 92, 125, 149, 188). 
In some cases acetate:propionate ratio was increased 
(125, 149) and in one case decreased (28). Other 
studies have not detected any change in milk fat 
concentration with added dietary fat (3, 11, 81, 88, 
126, 131, 166, 169, 193). Physical form of added 
dietary fat and dietary calcium content with added fat 
have affected milk fat concentration (76, 188, 194). 
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Steele et al.(194) found that soybean oil reduced 
percent milk fat by 36% when compared to the same 
amount of fat fed as crushed soybeans. In a separate 
stud y , S tee· 1 e et a 1 • ( 1 9 2 ) f o u n d groundnut o i 1 reduced 
milk fat by 16% when compared to the same amount of fat 
as whole crushed qroundnuts. Finn et al. (76) decreased 
milk fat concentration 9% by reducing the calcium 
intake with a diets containing 6% ether extract from 1 
to .53% of the dry matter. This suggests that reducing 
the rate of ruminal fatty acid release, or ruminal 
fatty acid solubility is beneficial with high fat diets 
for dairy cows. 
Increasing dietary intake of long chain fatty 
acids increases their secretion in milk and inhibits de 
nova synthesis of short and medium chain fatty acids in 
mammary tissue via inhibition of acetyl-CoA carboxylase 
(14, 148, 185). Added dietary fat often increases milk 
butyrate (147). The increase in milk butyrate would 
appear to be consistent with decreased acetyl-Coa 
carboxylase activity as the demand for butyryl-CoA as a 
primer would be expected to decrease. Biohydrogenation 
and desaturase activity makes the relationship between 
dietary intake of a particular fatty acid and its 
output in milk hard to approximate (148). However, an 
estimated 50% of dietary 18 carbon fatty acids consumed 
are transferred to milk fat (14). 
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Dietary fat and milk protein synthesis. 
Added dietary fat has been f~und to reduce milk 
protein content (3, 28, 43, 61, 67, 118, 125, 131, 188, 
194) by 2.6 to 9.8%. 0thers(ll, 80, 88, 92, 115, 126, 
149, 150, 166, 169, 170, 183, 218) have not detected 
any change in milk protein content with added fat. 
Bines et al. (28) reported a decrease in milk protein 
energy yield of .33 Mj per Mj of fatty acid energy 
digested which according to Palmquist (148) translated 
into a .0282 unit decrease in milk protein percent for 
each 100 g increase in fat intake. The reduction in 
milk protein with added fat has been observed to be due 
to a specific decrease in milk casein (69, 92). However 
the actual mechanism causing the protein depression is 
unknown. No connection has been made with dietary 
nitrogen supply as some studies have shown increased 
microbial nitrogen flow to the duodenum with added fat 
(93, 97, 106). Milk protein has been reduced on high 
fat diets even when dietary crude protein intake was 
increased from 16 to 18% of dry matter (155). Smith et 
al. (189) suggested that milk protein depression with 
added dietary fat may be due to decreased glucose 
availability. Palmquist and Moser (155) have suggested 
that high fat diets may decrease amino acid uptake 
through decreased plasma insulin and tissue insulin 
sensitivity. Insulin has been found to increase 
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activity of the L transport system as measured by 
uptake of cycloleucine (157) and has . been found to 
increase arterio-venous differences of aspartate, 
valine, isoleucine, leucine, tyrosine, and 
phenylalanine in lactating cows (112). All of the above 
amino acids except aspartate are taken up by the 
mammary gland via the L system (18). Decreased transfer 
efficiency of phenylalanine, valine, isoleucine, 
leucine, and tyrosine in conjunction with decreased 
milk protein concentration has been observed with cows 
consuming a diet containing 6% fat (67). However, 
elevated arterial concentrations of an amino acid as 
well as decreased mammary extraction could decrease 
transfer efficiency (67). 
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MATERIALS AND METHODS 
Thirty lactating Holstein cows (15 multiparous 
and 15 primiparous) were randomly assigned to one of 
three dietary treatments f -rom wk 4 to wk 16 postpartum. 
Treatments were balanced for multiparous and 
primiparous animals. Primiparous cows were producing at 
least 23 kg of milk and multiparous 27 kg of milk per 
day by wk 3 postpartum. Diets (Table 1) contained 52% 
concentrate mix, 32% corn silage, and 16% chopped 
alfalfa hay (dry basis). Diets were formulated to 
contain 16% crude protein and 19% acid detergent fiber. 
Concentrates contained 0, 50, and 100% chickpeas in 
place of corn and soybean meal Diets were designated 
OCPEA, SOCPEA, and lOOCPEA indicating the percent 
chickpeas in the concentrate mix. 
Cows were individually fed to ad libitum 
intake. Amounts fed and refusals were recorded daily. 
Cows were acclimated to experimental diets during wk 3 
postpartum, after obtaining pretreatment milk samples. 
Body weights were recorded for three consecutive days 
before and after the treatment period during wk 3 and 
wk 16 postpartum and at two week intervals during the 
treatment period. 
Cows were milked twice daily with milk weights 
recorded at each milking. Three 24-h (p.m. plus a.m.) 
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TABLE 1. Ingredient content of concentrates containing O, 50, and 
100°/4 chickpeas in place of corn and soybean meal 1. 
Component 
Corn, ground, shell~d 
Soybean meal, 44% CP 
Chickpeas, ground 
Limestone 
Trace mineral salt 
Dicalcium phosphate 
0CPEA 50CPEA lOOCPEA . 
------------(% of dry matter)-----------
69.3 33.1 
28. 5 13.9 
50.0 97.8 
1.2 1.2 1.2 
.5 .5 .5 
.5 .5 .5 
1Plus 8800 IU of added vitamin A, 1763 IU of added vitamin 
D, and .9 IU of added vitamin E per kg of concentrate. 
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milk samples were collected from each cow during wk 3 
postpartum and one 24-h sample was taken each week 
throughout the trial. Milk was analyzed for total 
solids (10), Kjeldahl nitrogen (8), and fat by 
Milk-0-Testor MKII 1 • Portions of the 24-h milk samples 
collected during wk 7 and wk 11 postpartum were frozen 
for later analysis of fatty acids. Milk fat was 
extracted by the Roese-Gottlieb procedure (10) and 
butyl esters prepared for gas-liquid chromatographic 
analysis (98). Chromatography of the butyl esters was 
performed as in (98). Milk flavor differences were 
measured three times throughout the trial by the 
triangle ~est using a trained taste panel (113). 
Samples of pasteurized milk were tasted about 8 h after 
collection. 
Feeds were sampled weekly and composited by 
month for analysis. Samples were dried at S7°C for 48 
h to determine dry matter and ground through a 2 mm 
screen. Dry samples were analyzed for acid ether 
extract (66), ether extract, Kjeldahl nitrogen, and ash 
(8). Feeds were also analyzed for acid detergent fiber, 
neutral detergent fiber, and permanganate lignin (171). 
Soluble crude protein was determined as 6.25 times the 
difference of total nitrogen and residual nitrogen 
1 N. Foss Electric, Hillerod, Denmark 
so 
after incubation in 10 % Burroughs' mineral buffer and 
degradable . crude protein was determined as 6.25 times 
the difference of total nitrogen and residual nitrogen 
after incubation with a Ficin protease (164). Fatty 
acid composition was determined by gas chromatogaphy of 
methyl esters (98). Composites 6f forage and 
concentrate samples were analyzed for amino acid 
content and calcium (8). 
Samples of ruminal contents were collected 
monthly by esophageal tube 2 to 3 h postprandial into 
bottles containing .5 ml saturated mercuric chloride, 
tested for pH and analyzed for rumen ammonia (41), and 
volatile fatty acids (146). At the time of rumen 
sampling jugular blood was collected into heparinized 
vacuum tubes and analyzed for serum urea (41). Blood 
samples were collected from a tail vessel and the 
subcutaneous abdominal vein at the time of rumen 
sampling and analyzed for serum amino acid 
concentrations (67). Blood obtained from the tail 
vessel was assumed to be arterial in origin to 
facilitate the estimation of amino acid arterio-venous 
(A-V) differences across the mammary gland capillary 
bed. Mammary blood flow and serum flow to milk yield 
ratio was estimated as described by Drackley and 
Schingoethe (67). Average daily milk yield and Kjeldahl 
nitrogen content of the milk during the week of 
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sampling were used to estimate amino acid output in the 
milk. Transfer efficiencies as described by (67) were 
used ~o identify amino acids limiting milk protein 
synthesis. · 
Data was subjected to least squares means 
analysis of variance (191). Differences due to 
treatment, time, age, and all possible interactions 
were considered. Milk yield and . composition data were 
adjusted for pretreatment by covariance analysis using 
milk yield and composition data from wk 3 postpartum as 
covariates. Where significant differences were detected 
(P<.05) means were separated using the least 
significant differance test (191). 
RESULTS AND DISCUSSION 
The chemical composition of the forages, 
concentrates, and total diets is in Table 2. Because 
the acid detergent fiber content of the corn silage was 
lower than the National Research Council (136) 
estimates that were used in formulating the diets, all 
three diets had lower than expected acid detergent 
fiber. Ether extract and acid ether extract increased 
in the total diet as chickpeas increased in the 
concentrate. As the amount of chickpeas in the 
concentrate increased, the amount of soluble and total 
ficin degradable protein 
TABLE 2. Chemical composition of forages, concentrates, and total diets containing 0,- 50, and 100'/o 
chick2eas in 21ace of corn and soybean meal. 
Forages Concentrates . 1· Diets 
Alfalfa Corn 
hay silage 0CPEA 50CPEA l00CPEA 0CPEA S0CPEA l0OCPEA 
Dry matter (DM) , % 87.3 43.6 90.0 90.2 90.3 74.8 74.8 74.9 
Crude protein (CP), % of DM 16.5 8.4 20.5 20.8 20.7 16.0 16 .1 16.1 
Soluble protein,% of CP2 40.7 38.2 23.9 41.9 57.6 31.5 40.8 49.0 
Soluble protein,% of CP3 46.0 44.4 33.4 52.0 65.2 38.9 48.6 55.5 
Degradable protein,% of CP 58.5 63.1 65.0 70.1 73.8 63.3 66.0 67.9 
Acid detergent insoluble 6.6 5.6 2.4 1.9 2.0 4.1 3.8 3.9 
protein,% of CP 
Ether extract,% of DM 1.2 2.5 2.6 4.3 6.1 2.3 3.2 4.1 
Acid ether extract,% of DM 1.9 3.0 4.0 5.8 7.9 3.4 4.3 5.4 
Neutral detergent fiber,% of DM 48.9 44.7 14.0 14.8 17.0 29.4 29.8 31.0 
Acid detergent fiber,% of DM 38.5 23.1 5.1 5.0 6.0 16.2 16.1 16.6 
Lignin, % of DM 12.1 3.9 3.9 3.5 3.7 5.2 5.0 5.1 
Ash, % of DM 7.8 4.2 4.6 4.6 4.9 5.0 5.0 s.·2 
Calcium,% of DM 1.3 .2 .8 .8 .8 .7 .7 .7 
-1 Calculated 
2
solubility in 10'/o Burroughs' buffer (164) 
3 . . (1 ) F1c1n protease assay 64 
\JI 
N 
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increased. Total ficin degradable protein content is 
highly cor~elated with protein escap~- from the rumen 
(164). Reduced proportion of rumen undegradable protein 
may be undesirable for high producini cows during early 
la~tation (117). The fatty acid content of the forages 
and concentrates is in Table 3. As the amount of 
chickpeas in the concentrate increased, the proportions 
of myristate and palmitate decreased, and the 
proportion of oleate and the total concentration of 
fatty acids increased. All other components were 
similar across diets. 
Milk production, milk composition, body 
weights, feed intakes, and feed conversion efficiencies 
are in Table 4. Cows fed lOOCPEA had higher actual and 
4% FCM than cows fed OCPEA, higher percent fat than 
cows fed OCPEA and SOCPEA, and higher total solids than 
cows fed SOCPEA (P< .OS). However with each added 
increment of chickpeas the percent milk protein 
decreased (P<.OS). Figures 1 and 2 show least squares 
means for weekly milk yield and percent milk fat. While 
differences by week were not significant (P>.OS), 
slightly higher values for milk yield and fat percent 
throughout the trial resulted in the significant 
differences. Cows fed lOOCPEA had lower (P<.OS) percent 
milk protein (Figure 3) than OCPEA at wk 5, wk 7 
through 12, and wk 14 through 16, and lower percent 
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TABLE 3. Fatty acid composition of forages, and concentrates 
containing q, 50, and 100'/4 chickpeas in place of corn and soybean 
meal. 
Forages Concentrates 
·al 
Alfalfa Corn 
Fatty ac1 hay silage 0CPEA S0CPEA l00CPEA 
---------(g/l00g fatty acid)------------
14:0 1.3 .3 5.2 2.4 1.0 
16:0 40.9 20.1 15.6 12.0 10.7 
18:0 5.7 2.0 2.0 1.8 1.8 
18: 1 4.5 21.2 18.5 25.4 27.8 
18:2 19.5 53.0 55.6 55.0 55.7 
18:3 28.1 10.0 3.1 3.3 3 .1 
Total fatty acid, mg/g DM 7.7 20.2 30.5 49.8 68.6 
1 Expressed as number of carbons:number of double bonds. 
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TABLE 4. Milk yield, milk composition, dry matter (DM) intake, body 
weights (BW), and milk:feed ratios for cows fed concentrates containing 
chickpeas at .0, 50, and 100¾ in place of corn and soybean meal. 
Measurement 
Milk, kg/day 
1 . 4% FCM, kg/day 
2 SCM, kg/day 
Fat, % 
Protein, % 
Total solids, % 
DM intake, kg/day 
Beginning BW, kg 
Ending BW, kg 
Milk/feed, kg 
1Fat corrected milk. 
2
solids corrected milk. 
0CPEA 
34.5b 
29.9b 
30.2 
3.06b 
3.20a 
11. 76ab 
20.1 
575.9 
607.0 
1.78ab 
50CPEA l00CPEA SE 
35 .1 ab 35.7a .31 
30.4ab 31.0a .36 
30.4 31.1 .32 
3.09b 3.28a .05 
3.09b 2.96c .02 
11.68b 11.88a .07 
20.0 20.6 .2 
591.1 571.1 7.0 
610.9 595.8 16.9 
1.81 a 1. 72b .02 
a,b,~eans in the same row with unlike superscripts differ (P<.05). 
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Figure 1. Covariate adjusted least squares 
means of daily milk yield for cows fed concentrates 
containing O (~), 50 (o), and 100% (o) chickpeas in 
place of corn and soybean meal. 
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Figure 2. Covariate adjusted least squares 
means of percent milk fat for cows fed concentrates 
containing O (6), 50 (0), and 100% (O) chickpeas in 
place of corn and soybean meal. 
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Figure 3. Covariate adjusted · least squares 
means of percent milk protein for cows fed concentrates 
containing O (A), 50 (o), and 100% (o) chickpeas in 
place of corn and soybean meal. 
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milk protein than SOCPEA at wk 13 and 16 (P<.05). Cows 
fed SOCPEA . had lower percent milk pr9tein than cows fed 
OCPEA at wk 5, 9 and 10 (figure 3). 
The response in milk production and percent fat 
are probably due to higher fat intake by cows fed 
chickpeas. Perhaps the fat intak~ by cows fed SOCPEA 
and lOOCPEA was at an amount that increased milk fat 
precursors without adversely affecting microbial 
ac~ivity in the rumen or the fat was in a form that was 
released slowly enough to prevent inhibition of ruminal 
microbial activity (148). 
The negative response in protein yield could be 
caused by increased fat intake, or decreased intake of 
rumen undegradable protein in cows fed SOCPEA and 
lOOCPEA (43, 148). The reduction in milk protein 
concentration with high fat diets is due to a decrease 
in the casein fraction and not simply dilution of the 
milk protein (69). Since casein was not measured in 
this study a connection between dietary fat and milk 
protein concentration cannot be made here. 
Dry matter intakes and body weights were similar 
across diets. However cows fed SOCPEA had a higher 
actual milk to feed ratio than cows fed lOOCP (P<.OS) 
suggesting that the most beneficial rate of dietary 
incorporation of chickpeas is close to 50 percent of 
the concentrate. Data obtained with growing heifers 
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suggests an optimum rate of dietary incorporation 
between 2S _and 75% of the concentrate. (94). The 
increase observed in total solids concentration of milk 
from cows fed lOOCPEA over SOCPEA is 'due to changes in 
milk fat and protein content. 
Milk fatty acid coQtent is presented in Table S. 
Each added increment of chickpeas increased the 
proportions of long chain fatty acids and decreased the 
proportions of medium chain fatty acids (P<.OS). Milk 
butyrate was higher in cows fed lOOCPEA than cows fed 
OCPEA of SOCPEA (P<.OS). The proportions of unsaturated 
fatty acids were higher in milk from cows fed SOCPEA 
and lOOCPEA than in OCPEA (P<.05). However no 
difference were detected in the proportions of 
caproate, or caprylate (P).05) When fat intake is 
increased in lactating dairy cows, the typical response 
is milk of increased milk butyrate and long chain fatty 
acids and decreased milk short chain and medium chain 
fatty acids (148). Increasing dietary fat intake by 130 
% has altered milk fatty acid content as described 
(67). However fat intake in this trial was only 
increased a maximum of 78% with chickpeas. Increased 
intake of unsaturated fatty acids by lactating dairy 
cows has also resulted in milk with increased oxidized 
flavor (9). No flavor differences were detected in this 
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TABLE 5. Milk fatty acid composition for cows fed -concentrates 
containing 9, 50, and 100'/4 chickpeas in place of corn and soybean 
meal. 
. 1 Fatty·ac1d OCPEA 50CPEA lOOCPEA SE 
------------------(g/lOOg fat) ~- ~~~~-----------
4:0 
6:0 
8:0 
3.9b 4.2b 4.Sa .14 
10:0 
12:0 
14:0 
14: 1 
15:0 
16:0 
16:1 
18:0 
18:1 
18:2 
SCFA2 
MCFA3 
LCFA4 
SFA/UFA5 
2.7 
1.6 
4.0a 
4.6a 
12.4a 
1.6a 
2.1 a 
30.2a 
3.0a 
6.9c 
20. lb 
2.4b 
12.3 
53.8a 
29.4c 
2.6a 
2.7 3.0 
1.6 1.6 
3.8a 3.5b 
4.3a 3.7b 
11.6ab 10.9b 
1.4a 1.2b 
1. 7b 1.4b 
26.7b 25.8b 
2.8a 2.4b 
8.9b 11.4a 
22.7a 23.Sa 
3.4a 3.9a 
12.3 12.7 
48.6b 45.5c 
35.0b 38.8a 
2.2b 2.2b 
1 Expressed as number of carbons:number of double 
2
short chain fatty acids (4 to 10 carbons). 
3Medium chain fatty acids (12 to 16 carbons). 
4Long chain fatty acids (18 carbons). 
5Ratio saturated to unsaturated fatty acids. 
.13 
.04 
.15 
.19 
.30 
.06 
.09 
.51 
.09 
.35 
.71 
.17 
.27 
.76 
.91 
.08 
bonds. 
a,b,~eans in the same row with unlike superscripts differ 
( P <. 05). 
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study. Perhaps the relatively small increase in d{~tary 
fat coupled with the biohydrogenating activity of the 
rumen was sufficient to account for the lack of a 
response in milk short chain fatty acids and milk 
flavor (148). 
Ruminal pH was similar across diets (Table 6). 
Cows fed lOOCPEA had the highest molar percent acetate 
and lowest propionate for all three diets which 
re~ulted in cows fed lOOCPEA having the highest 
acetate:propionate ratio (P<.05). The reason for the 
volatile fatty acid response is unknown, but it 
indic~tes that free fatty acids from the added dietary 
fat did not affect the microbial population as this 
would decrease the acetate:propionate ratio (148). The 
increased acetate:propionate ratio is supportive of the 
higher milk fat that was observed in cows fed lOOCPEA 
(205). 
Cows fed 50CPEA had the highest rumen ammonia 
concentration and cows fed lOOCP had lower serum urea 
than OCPEA (P<.05). The size of the rumen ammonia pool 
is known to be affected by quantity and degradability 
of dietary protein, microbial growth rate, ruminal 
dilution rate, ruminal absorption rate, and urea 
recycling (117). Because rumen degradable nitrogen 
intake increased, it was expected that rumen ammonia 
and plasma urea would increase in cows fed chickpeas; 
· TABLE 6. Volatile fatty acids (VFA), ammonia, and pH in ruminal fluid 
and urea in serum from cows fed concentrates containing_ 0, 50, and 100'/4 
chickpeas in place of corn and soybean meal. 
Measurement 0CPEA 50CPEA l00CPEA SE 
VFA 
Acetate, moles/i00 moles 56.1 b 55.7b 59.6a .69 
Propi9nate, moles/100 moles 28.8a 29.3a 26 . 1 b .85 
Butyrate, moles/100 moles 11.5 11.2 10.9 .38 
Isobutyrate, moles/100 moles .6 .6 .6 .03 
Valerate, moles/100 moles 1.8a 1.9a 1.3b .12 
Isovalerate, moles/100 moles 1.2 1.3 1.2 .68 
Acetate/propionate 2.0b 2.0b 2.4a .10 
Total, umoles/ml 103.5 101.8 96.6 3.05 
Ruminal pH 6.4 6.3 6.5 .06 
Ruminal ammonia, mg/dl 9.9b 12.la 9.5b .67 
Serum urea, mg/dl 14.7a 14.3a 13. lb .53 
a,b,~eans in the same row with unlike superscripts differ 
(P<.05) 
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however, this type of response did not consistently 
occur. Previous research with growing heifers fed 
chick~ea concentrates was also inconlusive with respect 
to ruminal · ammonia concentrations (94). The reason for 
the changes in ammonia and urea is unknown. 
Amino acid content of the forages, concentrates, 
and total diets (Table 7) show reductions in leucine 
and increases in lysine and arginine with increased 
amounts of chickpeas in the diet. Changes in plasma 
amino acids (Table 8) were much greater than could be 
accounted for by dietary intake. Increased solubility 
of a protein source makes it susceptable to alterations 
that could decrease the amount of essential amino acids 
available for milk protein synthesis (181, 185). Cows 
fed lOOCPEA had lower arterial and venous methionine 
and phenylalanine, and lower arterial total essential 
amino acids than cows fed OCPEA (P<.OS). Cows fed 
SOCPEA and lOOCPEA had lower arterial and venous 
threonine than OCPEA (P<.OS). Arterio-venous 
differences were similar across treatments. 
Transfer efficiencies of amino acids are in 
Table 9. Cows fed lOOCPEA had a higher transfer 
efficiency of methionine and threonine than OCPEA and 
cows fed both SOCPEA and lOOCPEA had a higher transfer 
efficiency of leucine than OCPEA (P<.OS) indicating 
that methionine, threonine, and leucine were less 
TABLE 7. Amino acid composition of forages, concentrates, and total diets containing O, 50, and 100'/o 
chickpeas in place of corn and soybean meal. 
Amino acid 
Methionine 
Lysine 
Phenylalanine 
Threonine 
Valine 
Isoleucine 
Leucine 
J-Iistidine 
Arginine 
Total essential 
amino acids 
Tyrosine 
Praline 
Aspartic acid 
Glutamic acid 
Serine 
Glycine 
Cystine 
Alanine 
Total nonessential 
amino acids 
1 Calculated 
Forages Concentrate . 1 Diets 
Alfalfa Corn 
hay silage OCPEA SOCPEA lOOCPEA OCPEA SOCPEA lOOCPEA 
------------------------(% of dry matter) - ------------------~-------~--
.14 .06 .33 .32 .25 . 21 .21 .17 
.75 .23 .47 1.28 1.46 .44 .86 · .95 
.86 .39 1.14 1.17 · 1.26 .86 .87 .92 
.68 .31 .86 .82 .82 .66 · · .63 .63 
.82 .41 1.04 .96 . .97 .80 . 76 . 77 
.60 .28 .96 .90 .92 .68 .65 .66 
1.04 .83 2.03 1.81 1.64 · 1.49 1.37 1~28 
. 30 . 16 . 60 . 56 . 56 . 41 . 39 . 39 
.64 .25 1.48 1.66 1.99 .95 1.·os 1.22 
5.83 2.92 8.91 9.48 9.87 6.50 6.80 7.00 
.52 .29 .85 .76 .67 .62 .57 .52 
1.47 . 57 1.35 1.12 .91 1.12 1.00 .89 
2.33 .69 . 2.29 2.32 2.59 1.78 1.80 1.94 
1.38 1.17 4.08 3.74 3.60 2.72 2.54 2.47 
.74 .37 1.11 1.08 1.09 .81 .80 .80 
.70 .34 .90 .86 .87 .69 .67 .68 
.OS .04 .27 .25 .21 .16 .15 .13 
.74 .61 1.16 1.03 .95 .92 .85 .81 
7.93 4.08 12.01 11.16 10.98 8.82 8.38 8.24 
CJ) 
co 
TABLE 8. Concentrations of amino acids in arterial and venous serum, and arterio-venous differences in cows 
fed diets containing o, 50, and 100% chjckpeas in place of corn and soybean meal. 
Arterio-Venous 
Tail Vessel Mammari Vein Difference 
Amino acids OCPEA SOCPEA 100CPEA SE OCPEA 50CPEA lOOCPEA SE OCPEA 50CPEA 100CPEA SE 
-------------------------------------- (umole/dl) --------------------------- ----------
Methionine 2.11a 1.93ab 1.63b 0.12 .93a .69ab .51b .09 1.18 1. 24 1.11 .13 
Lysine 8 .83. 9.17ab 8.75b 0.51 4.48 4.64ab 4.05b .so 4.36 4.53 4.70 .67 
Phenylalanine 4.72a 4.41b 3.96b 0.26 2.36a 2.11b 1.74b .23 2.36 2.30 2.22 .22 
Threonine 10.90a 9.38 · 8.04 0.59 7.87a 6.07 5.27 .59 3.03 3.30 2.77 .30 
Valine 24.37 21.33 20.62 1.63 18.90 16.35 15.88 1.54 5.47 4.98 4.74 • 77 
Isoleucine 11.15 10.22 b 10.82b 0.79 6.86 6.43 b 7.08b .79 4.29 3.79 3.74 -. 55 
Leucine 16.43a 13.60a 10.98 1.26 9.57a 7 . 10a 5.41 1.14 6.86 6.49 5.56 . 74 
Histidine 6.68 6.31 6.25 0.31 5.14 4.85 4.48 .28 1.54 1.45 1. 77 .25 
Arginine 15.17 15.35 14.11 0.96 10.55 11. lJ3 10.43 .52 4.62 3.92 3.67 .80 
Tryptophan 4.98 4.20 4.27 .34 4.54 4.50 3.98 .42 .44 .29 .28 .54 
Total essential 
amino acids 105.34 95.90 89.43 5.26 71.19 64.19 58.86 4.68 34.15 31. 71 30.57 4.24 
Tyrosine 5.28a 4.29ab 3.72b .44 2.95a 2.29ab 1.77b .37 2.33 2.00 1.95 .27 
Half-cystine .31 .2Sb .30b .02 .34 .28 .34 .03 -.04 -.02 - .-04 • 04 
Proline 10.28a 8.67 8.61 .48 9.00 7.58 7.36 .58 1.28 1.09 1. 26 .31 
Aspartic acid 1.80 1. 72 1. 74b .12 1.51 1.44 1.45 .09 .29 .29 .28 .07 
Glutamic acid 6.31c 8.35a 7.29 .33 3.29 3.66 3.72 .31 3.02 4.69 3.58 .45 
Serine 10.60 9.72 10.99 .78 7.83 6.27 8.54 .84 2. 77 3.45 2.45 .40 
Glycine 42.45 40.22 39.91 2.72 40.99 37.99 38.99 2.84 1.46 2.23 .92 .89 
Alanine 26.27 25.41 26.59 1.80 23.42 20.87 23.09 2.12 2.85 4.54 3.50 .78 
Total nonessential 
amino acids 130.41 126.47 126.94 4.13 108.93 101.01 106.31 4.13 21.49 25.46 . 20.63 2.69 
a,b,cMeans in the same row with unlike superscripts differ (P<.05). 
°' 1.0 
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TABLE 9. Es.timated transfer efficiencies 1 of serum amino acids 
in cows fed c·oncentrates containing O, 50, and 
· in pl~ce of com and soybean meal. 
1 OCJ>/4 chickpeas 
Amino acid OCPEA 50CPEA lOOCPEA SE 
Methionine 60,00b (1)2 62.52b (1) 71.83a (1) 3.88 
Lysine 44.93 (3) 41.95 (3) 42.44 (4) 2.27 
Phenylalanine 45.66 (2) 46.34 (2) 50.22 (2) 2.84 
Threonine 25.17b (6) 28.60ab(6) 32.99a (5) 1. 72 
Valine 16.91 (8) 18.68 (8) 18.96 (7) 1.52 
Isoleucine 29.67 (5) 30.74 (5) 28.88 (6) 2.30 
Leucine 33.87b (4) 38.96b (4) 46.69a (3) 3.33 
Histidine 18.31 (7) 19.15 (7) 18.65 (8) 1.09 
Arginine 9.32 (10) 9.41 ( 10) 9.91 (10) .69 
Tryptophan 10.19 (9) 11.36 (9) 11.57 (9) 1.01 
Tyrosine 41.00 47.30 52.54 4.04 
Half-cystine 188.89 201.87 151.29 32.09 
Praline 59.52 67.79 66.86 2.96 
Aspartate 244.62 241.15 228.46 16.94 
Glutamate 166.25 123.76 137 .46 6.62 
Serine 35.98 37.85 34.00 2.59 
Glycine 4.60 4.52 4.58 .29 
Alanine 10.32 10.55 9.78 .61 
1[Amino acid output in milk (g/day)/arterial serum 
amino acid (g/L) x serum flow (L/dar) x 100. 
2() indicate order of limiting essential amino acods. 
a,b,~eans in the same row with unlike superscripts 
differ (P < .05). 
available for milk protein synthesis in cows fed a 
chickpea supplement than in cows fed a corn/soybean 
meal supplement. Based on transfer efficiency, 
methionine, phenylalanine, and lysine were most 
limiting in cows fed OCPEA and 50CPEA and methionine, 
phenylalanine, and leucine were most limiting in cows 
fed lOOCPEA. 
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Since the extraction of essential amino acids is 
positively correlated with arterial concentration, the 
lower arterial essential amino acids observed in cows 
fed 50CPEA and lOOCPEA could be reflected by increased 
transfer efficiencies (58). It has been postulated that 
the affect of increased dietary fat on milk protein 
synthesis may be mediated through decreased amino acid 
extraction as a result of changes in plasma insulin 
concentration and tissue insulin sensitivity (58, 156). 
If added fat were mediating decreased milk protein 
synthesis through decreased amino acid extraction then 
one would expect decreased arterio-venous differences 
and either a decrease or no change in transfer 
efficiencies. Decreased transfer efficiencies of 
phenylalanine and branched chain amino acids have been 
previously observed with added dietary fat in early 
lactation (67). However increased transfer efficiencies 
in this study would indicate that dietary fat was not 
mediating the effect on protein synthesis. 
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Essential amino acid supply to the small intestine 
plays a major role in mediating plas~a essential amino 
acid concentration and has been shown to affect milk 
yield and milk protein concentration (185). Ruminal 
UQdegradable protein intake has been shown to influence 
essential amino acid supply to the intestine (181). 
According to a hypothesis outlined by Oldham (141) 
decreased dietary supply of essential amino acids could 
liad to decreased tissrie mobilization and decreased 
milk yield as well as protein synthesis. Since extra 
energy in the form of dietary fat was provided in 
SOCPEA and lOOCPEA the effect of decreased plasma 
essential amino acid availability on milk yield may 
have been masked by increased availability of lipogenic 
precursors for milk synthesis. Consequently milk yield 
stayed the same or increased in cows fed SOCPEA and 
lOOCPEA while decreased plasma essential amino acids 
limited protein synthesis such that decreased protein 
concentration in milks produced by these cows was 
observed. 
Conclusions 
It appears that the primary benefit obtained with 
the supplementation of chickpeas during early lactation 
was through increased fat intake. While the greatest 
fat corrected milk yield was obtained with cows fed 
lOOCPEA, decreased percent milk protein in these cows 
and greater . feed efficiency in cows .fed SOCPEA would 
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. sugge~t an optimum rate of dietary incorporation closer 
to 50 % th~n 100% of the concentrate. However, a more 
definitive study is needed to determine the exact 
optimum. Since the addition of chickpeas to the diet of 
lactating cows may increase intake of fat and rumen 
degradable protein, increasing dietary intake of 
calcium ~nd rumen undegradable protein may be desirable 
(141, 148). 
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